Introduction {#H1-1-ZOI200294}
============

Gastric cancer (GC) is the third leading cause of cancer death worldwide.^[@zoi200294r1]^ Linqu County, a rural area in Shandong province in northeastern China, has among the highest GC mortality rates in the world.^[@zoi200294r2]^ A number of lifestyle factors have been associated with the risk of GC or its precursors in case-control studies among the Linqu population.^[@zoi200294r3],[@zoi200294r4],[@zoi200294r5]^ Smoking has been shown to increase the risk of advanced gastric lesions and GC in a study of 564 GC cases and 1131 control cases (odds ratio \[OR\], 1.5; 95% CI, 1.0-2.1)^[@zoi200294r3]^ and in a gastroscopic screening of 3104 residents (dysplasia \[DYS\] vs superficial gastritis or chronic atrophic gastritis: OR, 2.1; 95% CI, 1.4-3.0).^[@zoi200294r4]^ In these studies, alcohol intake was not significantly associated with the risk of GC (OR, 0.8; 95% CI, 0.6-1.1)^[@zoi200294r3]^ but was shown to be a risk factor for DYS (OR, 1.3; 95% CI, 1.0-1.8),^[@zoi200294r4]^ a major precursor of GC. Among major dietary factors, increasing consumption of fresh vegetables (OR, 0.4; 95% CI, 0.3-0.6), fresh fruit (OR, 0.6; 95% CI, 0.4-0.8), garlic (OR, 0.7; 95% CI, 0.4-1.0), and vitamin C (OR, 0.5; 95% CI, 0.3-0.6) decreased the risk of GC in the previously mentioned case-control study^[@zoi200294r3]^ and another analysis involving the same 564 GC cases and 1131 control participants with nutritional deficiencies in Linqu.^[@zoi200294r5]^ A prospective study is needed to elucidate the associations of lifestyle factors with GC risk in high-risk populations.

In 1995, the Shandong Intervention Trial (SIT) was initiated in Linqu to evaluate the effects of *Helicobacter pylori* treatment for 2 weeks and vitamin and garlic supplementation for 7.3 years on the progression of precancerous gastric lesions and occurrence of GC.^[@zoi200294r6],[@zoi200294r7],[@zoi200294r8],[@zoi200294r9],[@zoi200294r10]^ During a total follow-up of 22.3 years, in addition to *H pylori* eradication therapy, we found significantly decreased long-term risk of developing GC associated with vitamin supplementation (OR, 0.64; 95% CI, 0.46-0.91) and reduced GC mortality for those taking vitamins (hazard ratio \[HR\], 0.48; 95% CI, 0.31-0.75) or garlic supplements (HR, 0.66; 95% CI, 0.43-0.999), suggesting potential primary prevention of GC by lifestyle interventions.^[@zoi200294r10]^ However, before nutritional supplementation can be translated to the community level, identifying the appropriate population subgroups for intervention is still warranted to optimize the potential beneficial effects. Given our ongoing efforts to promote precision prevention and control of GC, it will be important to illuminate the effects of intervention strategies on subgroups based on lifestyle factors and to identify any effect modifications by lifestyle factors on GC prevention resulting from long-term nutritional supplementation. Our interest in the potential effect modification of lifestyle factors on GC prevention strategies was further increased by reports that smoking, alcohol consumption, and diet alter gastric microbiota composition.^[@zoi200294r11],[@zoi200294r12],[@zoi200294r13],[@zoi200294r14]^ Based on the SIT, we evaluated the effects of vitamin supplementation and garlic supplementation on GC incidence and mortality in subgroups based on major lifestyle factors. The association of lifestyle factors with GC incidence and mortality was examined, and the interactions between lifestyle factors and the 2 nutritional supplementations were further tested. In addition, the association of lifestyle factors with the progression of gastric lesions was assessed.

Methods {#H1-2-ZOI200294}
=======

Details of the SIT have been described previously^[@zoi200294r6],[@zoi200294r7],[@zoi200294r8]^ and in our recent study.^[@zoi200294r10]^ We conducted an unplanned secondary analysis of the trial, including the associations with lifestyle factors in a longitudinal study and the modifications of lifestyle factors on the effects of vitamin and garlic supplementations on GC incidence and mortality. The secondary analysis was approved by the institutional review board of Peking University Cancer Hospital. Informed consent was waived for this secondary analysis because the study posed minimal risk using existing data. This study was reported following the Consolidated Standards of Reporting Trials ([CONSORT](http://www.equator-network.org/reporting-guidelines/consort/)) reporting guideline.^[@zoi200294r15]^

Study Population {#H2-1-ZOI200294}
----------------

The study flow diagram and participants' eligibility criteria are shown in [Figure 1](#zoi200294f1){ref-type="fig"}. A total of 3365 eligible participants were randomly assigned to 3 interventions, including vitamin and garlic supplementation, *H pylori* treatment for those with *H pylori*, or placebo.^[@zoi200294r6]^ The participants were observed until 2017, with a total of 22.3 years since trial randomization. Only 3 participants (\<0.01%) were lost to follow-up for vital status during the follow-up period ([Figure 1](#zoi200294f1){ref-type="fig"}).

![Study Flow Diagram](jamanetwopen-3-e206628-g001){#zoi200294f1}

Outcomes {#H2-2-ZOI200294}
--------

The primary outcomes were GC incidence and mortality. We ascertained GC incidence from scheduled gastroscopies, cancer registries, or autopsy reports, which were confirmed by reviewing medical records. Scheduled endoscopies were conducted in 1999 and 2003 for all participants and in 2005 and 2007 for those diagnosed with intestinal metaplasia or DYS, respectively, during their 2003 endoscopy. In addition, repeated endoscopies were conducted every 6 months to 1 year between 2008 and 2017 for those diagnosed with moderate or severe DYS at any biopsy site or with mild DYS at 2 or more sites in 2003.^[@zoi200294r10]^ Information on GC death was obtained from the reporting system managed by the Chinese Center for Disease Control and Prevention, which integrates death certificates from hospitals as well as from police and judicial departments in Linqu. Active clinical follow-up has also been conducted by village physicians and staff from Peking University Cancer Hospital.^[@zoi200294r10]^

In addition, we examined the progression of gastric lesions (ie, progression or nonprogression) from 1995 to 2003 as a secondary outcome. This was assessed based on the 7.3-year follow-up only because histology diagnosis of gastric lesions with scheduled endoscopy was only available through 2003 for all participants. We were not able to examine progression of gastric lesions (progression vs nonprogression) through 22.3 years' follow-up. Each participant was assigned a severity score in 1995 and 2003, with 0 indicating normal, 1 indicating superficial gastritis, 2 indicating mild chronic atrophic gastritis, 3 indicating severe chronic atrophic gastritis, 4 indicating superficial intestinal metaplasia, 5 indicating deep intestinal metaplasia, 6 indicating mild DYS, 7 indicating moderate DYS, 8 indicating severe DYS, and 9 indicating GC. If the score in 2003 was higher than that in 1995, the participant was classified as having progression of gastric lesions.

Assessment of Major Lifestyle Factors {#H2-3-ZOI200294}
-------------------------------------

In 1994, all participants who were identified in the census were interviewed for baseline characteristics by trained staff. Information on lifestyle factors, including smoking, alcohol intake, and major dietary factors, was collected for all participants using a structured questionnaire. The participants were asked about their history of tobacco use and alcohol intake. Based on their answers, the dichotomous categories of smoking status (ever vs never) and alcohol consumption (ever vs never) were classified. A total of 112 participants (3.3%) had missing information on both smoking and alcohol intake.

The questionnaire evaluated yearly consumption (in kilograms per year) of multiple food items, including grain, meat, fresh vegetables and fruits, and total vegetables and fruits. For all analyses of dietary factors, participants were dichotomized based on the median yearly intake of each item among all participants. A total of 80 participants (2.4%) had missing information on each dietary factor.

Statistical Analysis {#H2-4-ZOI200294}
--------------------

For the analyses of primary outcomes, we first examined the associations of smoking, alcohol intake, and major dietary factors with the cumulative incidence and mortality of GC. The association of vitamin and garlic supplementation with GC incidence and mortality were then examined in the subgroups of these lifestyle factors. Conditional logistic regression models stratified on baseline histopathology were used to estimate the ORs and corresponding 95% CIs for the risk of GC cumulative incidence, given that many GC cases were diagnosed at scheduled gastroendoscopies. Associations with GC mortality were analyzed by Cox regression models, with HRs and 95% CIs estimated. Multivariable-adjusted regression analyses were performed with adjustment for other potential confounders, including age, sex, and baseline histology.^[@zoi200294r16]^ History of ever using alcohol (ever vs never) and history of ever smoking (ever vs never) were also adjusted for in the models, except when they were being examined as the main exposure factor or main effect modifier because of the association with GC or its precursors based on case-control studies in Linqu.^[@zoi200294r3],[@zoi200294r4],[@zoi200294r5]^ For the analyses of the association of smoking or alcohol intake with GC, we also controlled for vitamin supplementation, garlic supplementation, and *H pylori* treatment because these interventions were associated with decreased GC incidence and/or mortality.^[@zoi200294r10]^

We examined the associations of vitamin and garlic supplementation with GC incidence and mortality in subgroups by smoking, alcohol intake, and consumption of each dietary factor, dichotomized by the median yearly intake among all participants. *P* values for interactions were calculated by adding the interaction term between each examined lifestyle factor and the intervention in the regression models in addition to the indicators of the 2 items being analyzed.

For the secondary outcomes, we examined the association between lifestyle factors and the 2 interventions on the progression of gastric lesions (progression vs nonprogression) using conditional logistic regression models. The previously described analyses of associations and interaction analyses were conducted.

Post hoc analyses of statistical power were calculated using R software version 3.5.2 (R Project for Statistical Computing). All other analyses were performed using the intention-to-treat approach and were conducted using SAS software version 9.4 (SAS Institute). A 2-tailed *P* \< .05 was considered statistically significant. Statistical analysis was conducted from March to May 2019.

Results {#H1-3-ZOI200294}
=======

A total of 3365 participants were included in the study, with a mean (SD) age of 47.1 (9.2) years and 1639 (48.7%) women. Distribution of study participants and major lifestyle factors is shown in [Table 1](#zoi200294t1){ref-type="table"}. During the follow-up, we identified 151 (4.5%; 95% CI, 3.8%-5.3%) GC cases and 94 (2.8%; 95% CI, 2.3%-3.4%) GC deaths.^[@zoi200294r10]^ After those with missing data on major independent variables or covariates were excluded from multivariable models, 3237 participants (96.2%) remained for the analyses of smoking and alcohol drinking, and 3168 (94.1%) remained for the analyses of dietary factors. We did not find significant differences in the distribution of major characteristics between the remaining and overall trial participants (eTable 1 in [Supplement 1](#note-ZOI200294-1-s){ref-type="supplementary-material"}). The number of GC cases and deaths per subgroup after excluding participants who were missing information for each subgroup variable is shown in [Table 2](#zoi200294t2){ref-type="table"}.

###### Distribution in Lifestyle Factors at Baseline

  Factor                                                                             Supplementation group, %                             
  ---------------------------------------------------------------------------------- -------------------------- ------------ ------------ ------------
  Smoking                                                                                                                                 
  Never                                                                              914 (54.5)                 920 (54.5)   909 (54.1)   925 (54.8)
  Ever                                                                               703 (41.9)                 716 (42.4)   706 (42.1)   713 (42.3)
  Missing                                                                            60 (3.6)                   52 (3.1)     63 (3.8)     49 (2.9)
  Alcohol drinking                                                                                                                        
  Never                                                                              864 (51.5)                 891 (52.8)   875 (52.1)   880 (52.2)
  Ever                                                                               753 (44.9)                 745 (44.1)   740 (44.1)   758 (44.9)
  Missing                                                                            60 (3.6)                   52 (3.1)     63 (3.8)     49 (2.9)
  Dietary factors                                                                                                                         
  Grain, kg/y[^a^](#zoi200294t1n1){ref-type="table-fn"}                                                                                   
  \<225                                                                              764 (45.6)                 732 (43.4)   732 (43.6)   764 (45.3)
  ≥225                                                                               877 (52.3)                 912 (54.0)   912 (54.4)   877 (52.0)
  Missing                                                                            36 (2.1)                   44 (2.6)     34 (2.0)     46 (2.7)
  Meat, kg/y[^a^](#zoi200294t1n1){ref-type="table-fn"}                                                                                    
  \<8                                                                                825 (49.2)                 804 (47.6)   807 (48.1)   822 (48.7)
  ≥8                                                                                 816 (48.7)                 840 (49.8)   837 (49.9)   819 (48.5)
  Missing                                                                            36 (2.1)                   44 (2.6)     34 (2.0)     46 (2.8)
  Total vegetables and fruit, kg/y[^a^](#zoi200294t1n1){ref-type="table-fn"}                                                              
  \<92                                                                               826 (49.3)                 816 (48.3)   812 (48.4)   830 (49.2)
  ≥92                                                                                815 (48.6)                 828 (49.1)   832 (49.6)   811 (48.1)
  Missing                                                                            36 (2.1)                   44 (2.6)     34 (2.0)     46 (2.7)
  Total fresh vegetables and fruit, kg/y[^a^](#zoi200294t1n1){ref-type="table-fn"}                                                        
  \<81                                                                               819 (48.8)                 821 (48.6)   809 (48.2)   831 (49.3)
  ≥81                                                                                822 (49.0)                 823 (48.8)   835 (49.8)   810 (48.0)
  Missing                                                                            36 (2.2)                   44 (2.6)     34 (2.0)     46 (2.7)

Levels correspond to median distribution of intake between the 2 groups.

###### Associations of 2 Nutritional Supplementations With Gastric Cancer Incidence and Mortality, Stratified by Lifestyle Factors

  Factor                                                                              Gastric cancer incidence   Gastric cancer mortality                                                                                            
  ----------------------------------------------------------------------------------- -------------------------- -------------------------- ------------------ -------------- --------------- ------------------ ------------------- -----
  **Vitamin supplementation**                                                                                                                                                                                                        
  Overall                                                                             89/1627 (5.5)              58/1610 (3.6)              0.64 (0.46-0.91)   NA             61/1627 (3.7)   29/1610 (1.8)      0.48 (0.31-0.75)    NA
  Smoking                                                                                                                                                                                                                            
  Ever                                                                                58/713 (8.1)               39/698 (5.6)               0.66 (0.43-1.01)   .82            43/713 (6.0)    22/698 (3.2)       0.52 (0.31-0.87)    .50
  Never                                                                               31/914 (3.4)               19/912 (2.1)               0.60 (0.34-1.08)   18/914 (2.0)   7/912 (0.8)     0.35 (0.15-0.85)                       
  Alcohol                                                                                                                                                                                                                            
  Ever                                                                                55/741 (7.4)               35/747 (4.7)               0.61 (0.39-0.96)   .72            41/741 (5.5)    18/747 (2.4)       0.44 (0.25-0.76)    .54
  Never                                                                               34/886 (3.8)               23/863 (2.7)               0.70 (0.40-1.20)   20/886 (2.3)   11/863 (1.3)    0.58 (0.28-1.21)                       
  Grain, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                                              
  \<225                                                                               36/700 (5.1)               26/732 (3.6)               0.68 (0.40-1.15)   .69            27/700 (3.9)    9/732 (1.2)        0.31 (0.15-0.67)    .24
  ≥225                                                                                51/890 (5.7)               30/846 (3.5)               0.58 (0.36-0.94)   34/890 (3.8)   18/846 (2.1)    0.56 (0.32-0.99)                       
  Meat, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                                               
  \<8                                                                                 43/776 (5.5)               29/801 (3.6)               0.61 (0.37-1.01)   .84            30/776 (3.9)    12/801 (1.5)       0.39 (0.20-0.76)    .49
  ≥8                                                                                  44/814 (5.4)               27/777 (3.5)               0.67 (0.40-1.10)   31/814 (3.8)   15/777 (1.9)    0.53 (0.28-0.98)                       
  Total vegetables and fruits, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                        
  \<92                                                                                47/785 (6.0)               28/796 (3.5)               0.58 (0.36-0.96)   .70            31/785 (3.9)    12/796 (1.5)       0.37 (0.19-0.73)    .50
  ≥92                                                                                 40/805 (5.0)               28/782 (3.7)               0.68 (0.41-1.14)   30/805 (3.7)   15/782 (1.9)    0.51 (0.27-0.95)                       
  Total fresh vegetables and fruits, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                  
  \<81                                                                                47/789 (6.0)               26/788 (3.3)               0.55 (0.34-0.92)   .49            31/789 (3.9)    13/788 (1.6)       0.41 (0.22-0.79)    .79
  ≥81                                                                                 40/801 (5.0)               30/790 (3.8)               0.72 (0.44-1.18)   30/801 (3.7)   14/790 (1.7)    0.47 (0.25-0.89)                       
  **Garlic supplementation**                                                                                                                                                                                                         
  Overall                                                                             81/1631 (5.0)              66/1606 (4.1)              0.81 (0.57-1.13)   NA             54/1631 (3.3)   36/1606 (2.2)      0.66 (0.43-0.999)   NA
  Smoking                                                                                                                                                                                                                            
  Ever                                                                                54/711 (7.6)               43/700 (6.1)               0.78 (0.51-1.20)   .84            38/711 (5.3)    27/700 (3.9)       0.70 (0.43-1.15)    .58
  Never                                                                               27/920 (2.9)               23/906 (2.5)               0.86 (0.49-1.52)   16/920 (1.7)   9/906 (1.0)     0.51 (0.23-1.17)                       
  Alcohol                                                                                                                                                                                                                            
  Ever                                                                                46/756 (6.1)               44/732 (6.0)               0.99 (0.64-1.54)   .16            31/756 (4.1)    28/732 (3.8)       0.92 (0.55-1.54)    .03
  Never                                                                               35/875 (4.0)               22/874 (2.5)               0.62 (0.36-1.07)   23/875 (2.6)   8/874 (0.9)     0.33 (0.15-0.75)                       
  Grain, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                                              
  \<225                                                                               31/731 (4.2)               31/701 (4.4)               1.05 (0.62-1.76)   .31            21/731 (2.9)    15/701 (2.1)       0.71 (0.36-1.39)    .82
  ≥225                                                                                47/859 (5.5)               34/877 (3.9)               0.72 (0.45-1.15)   32/859 (3.7)   20/877 (2.3)    0.64 (0.37-1.12)                       
  Meat, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                                               
  \<8                                                                                 39/797 (4.9)               33/780 (4.2)               0.85 (0.52-1.38)   .92            25/797 (3.1)    17/780 (2.2)       0.68 (0.36-1.26)    .84
  ≥8                                                                                  39/793 (4.9)               32/798 (4.0)               0.81 (0.49-1.32)   28/793 (3.5)   18/798 (2.3)    0.62 (0.34-1.13)                       
  Total vegetables and fruits, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                        
  \<92                                                                                43/796 (5.4)               32/785 (4.1)               0.76 (0.47-1.22)   .63            28/796 (3.5)    15/785 (1.9)       0.53 (0.28-1.00)    .41
  ≥92                                                                                 35/794 (4.4)               33/793 (4.2)               0.88 (0.53-1.45)   25/794 (3.1)   20/793 (2.5)    0.78 (0.43-1.40)                       
  Total fresh vegetables and fruits, kg/y[^e^](#zoi200294t2n5){ref-type="table-fn"}                                                                                                                                                  
  \<81                                                                                42/795 (5.3)               31/782 (4)                 0.75 (0.46-1.22)   .64            29/795 (3.6)    15/782 (1.9)       0.52 (0.28-0.96)    .34
  ≥81                                                                                 36/795 (4.5)               34/796 (4.3)               0.88 (0.54-1.43)   24/795 (3)     20/796 (2.5)    0.80 (0.44-1.45)                       

Abbreviations: HR, hazard ratio; NA, not applicable; OR, odds ratio.

Number of participants with an event divided by total number of participants. Those with missing data on the examined independent factor or other covariates were excluded from the multivariable models.

Logistic regression adjusted for baseline histology, age, sex, history of ever using alcohol, and history of ever smoking.

*P* values for interactions were calculated by adding the interaction term between 2 items in the regression models in addition to the indicators of the 2 items being analyzed.

Cox regression adjusted for baseline histology, age, sex, history of ever using alcohol, and history of ever smoking.

Levels correspond to median distribution of intake between 2 groups.

Associations Between Lifestyle Factors and GC Risk {#H2-5-ZOI200294}
--------------------------------------------------

Our analyses showed that smoking was associated with an increased risk of GC incidence (multivariable-adjusted OR, 1.72; 95% CI, 1.003-2.93) and GC mortality (HR, 2.01; 95% CI, 1.01-3.98) ([Figure 2](#zoi200294f2){ref-type="fig"}). The associations were significant only among participants with *H pylori*, for whom the OR for GC incidence was 1.88 (95% CI, 1.01-3.47) and the HR for GC mortality was 2.15 (95% CI, 1.01-4.61). In contrast, the associations were not significant among participants without *H pylori* ([Figure 2](#zoi200294f2){ref-type="fig"}). We did not find any significant associations between alcohol consumption and risk of GC incidence and mortality overall or in specific *H pylori* infection groups. Similarly, major dietary factors were not significantly associated with risk of GC incidence and mortality ([Figure 2](#zoi200294f2){ref-type="fig"}).

![Associations Between Lifestyle Factors and Gastric Cancer Incidence and Mortality\
HR indicates hazard ratio; OR, odds ratio.\
^a^Logistic regression adjusted for baseline histology, age, sex, history of ever using alcohol, history of ever smoking, vitamin supplementation (treatment or placebo), garlic supplementation (treatment or placebo), and *H pylori* treatment (*H pylori* treatment, placebo, or no *H pylori*).\
^b^Ever smoking vs never smoking.\
^c^Ever using alcohol vs never using alcohol.\
^d^Consuming at least 225 kg/y vs less than 225 kg/y (levels correspond to median distribution of intake between the 2 groups).\
^e^Consuming at least 8 kg/y vs less than 8 kg/y (levels correspond to median distribution of intake between the 2 groups).\
^f^Consuming at least 92 kg/y vs less than 92 kg/y (levels correspond to median distribution of intake between the 2 groups).\
^g^Consuming at least 81 kg/y vs less than 81 kg/y (levels correspond to median distribution of intake between the 2 groups).\
^h^Cox regression adjusted for baseline histology, age, sex, history of ever using alcohol, history of ever smoking, vitamin supplementation (treatment or placebo), garlic supplementation (treatment or placebo), and *H pylori* treatment (*H pylori* treatment, placebo, or no *H pylori*).](jamanetwopen-3-e206628-g002){#zoi200294f2}

Interaction Between Lifestyle Factors and Nutritional Supplementation on GC Incidence and Mortality {#H2-6-ZOI200294}
---------------------------------------------------------------------------------------------------

In the subgroup analyses, we did not find any significant effect modifications by smoking or dietary factors on the associations of nutritional supplementation with risk of GC incidence and mortality ([Table 2](#zoi200294t2){ref-type="table"}). However, garlic supplementation was associated with reduced mortality among those who never drank alcohol (HR, 0.33; 95% CI, 0.15-0.75) but not among those who ever drank alcohol (HR, 0.92; 95% CI, 0.55-1.54; *P* for interaction = .03). No significant interactions between vitamin supplementation and alcohol intake were found on risk of GC incidence or mortality ([Table 2](#zoi200294t2){ref-type="table"}).

We further examined interactions stratified by baseline *H pylori* infection status. The significant interactions between alcohol intake and garlic supplementation on GC mortality were only seen among participants with *H pylori*, among whom the protective effect was significant for those who never drank alcohol (HR, 0.31; 95% CI, 0.12-0.78) but not for those who ever drank alcohol (HR, 0.91; 95% CI, 0.52-1.60; *P*for interaction = .04) ([Table 3](#zoi200294t3){ref-type="table"}).

###### Association of Garlic Supplementation With Gastric Cancer Incidence and Mortality Stratified by Alcohol Intake Among Participants With and Without *Helicobacter pylori*

  Factor                Gastric cancer incidence   Gastric cancer mortality                                                                                           
  --------------------- -------------------------- -------------------------- ------------------ -------------- --------------- ------------------ ------------------ -----
  **With *H pylori***                                                                                                                                                 
  Overall               63/1092 (5.8)              53/1080 (4.9)              0.84 (0.57-1.23)   NA             44/1092 (4.0)   30/1080 (2.8)      0.66 (0.42-1.06)   NA
  Alcohol                                                                                                                                                             
  Ever                  38/501 (7.6)               36/489 (7.4)               0.99 (0.61-1.62)   .27            26/501 (5.2)    24/489 (4.9)       0.91 (0.52-1.60)   .04
  Never                 25/591 (4.2)               17/591 (2.9)               0.64 (0.34-1.22)   18/591 (3.0)   6/591 (1.o)     0.31 (0.12-0.78)                      
  **No *H pylori***                                                                                                                                                   
  Overall               18/539 (3.3)               13/526 (2.5)               0.73 (0.35-1.53)   NA             10/539 (1.9)    6/526 (1.1)        0.60 (0.21-1.67)   NA
  Alcohol                                                                                                                                                             
  Ever                  8/255 (3.1)                8/243 (3.3)                0.94 (0.33-2.70)   .31            5/255 (2.0)     4/243 (1.6)        0.73 (0.19-2.82)   .45
  Never                 10/284 (3.5)               5/283 (1.8)                0.45 (0.15-1.38)   5/284 (1.8)    2/283 (0.7)     0.41 (0.07-2.38)                      

Abbreviations: HR, hazard ratio; NA, not applicable; OR, odds ratio.

Number of participants with an event divided by total number of participants. Those with missing data on the examined independent factor or other covariates were excluded from the multivariable models.

Logistic regression adjusted for baseline histology, age, sex, history of ever using alcohol, and history of ever smoking.

*P* values for interactions were calculated by adding the interaction term between 2 items in the regression models in addition to the indicators of the 2 items being analyzed.

Cox regression adjusted for baseline histology, age, sex, history of ever using alcohol, and history of ever smoking.

Interaction Between Lifestyle Factors and Nutritional Supplementations on Gastric Lesion Progression {#H2-7-ZOI200294}
----------------------------------------------------------------------------------------------------

Based on gastroendoscopy and histology diagnosis in 1995 and 2003, 1261 of 2942 participants (42.9%) had progression of gastric lesions. We found statistically significant interactions between vitamin supplementation and total fresh vegetable and fruit intake (\<81 kg/y: OR, 0.80; 95% CI, 0.64-1.01; ≥81 kg/y: OR, 1.17; 95% CI, 0.94-1.46; *P*for interaction = .02) on the progression of gastric lesions (eTable 2 in [Supplement 1](#note-ZOI200294-1-s){ref-type="supplementary-material"}).

Further interaction analyses by baseline *H pylori* infection status found significant interactions between vitamin supplementation and total vegetable and fruit intake (\<92 kg/y: OR, 0.56; 95% CI, 0.36-0.86; ≥92 kg/y: OR, 1.42; 95% CI, 0.95-2.13; *P* for interaction = .003) and total fresh vegetable and fruit intake (\<81 kg/y: OR, 0.53; 95% CI, 0.35-0.82; ≥81 kg/y: OR, 1.48; 95% CI, 0.98-2.22; *P*for interaction = .001) only among participants without *H pylori* infection (eTable 3 in [Supplement 1](#note-ZOI200294-1-s){ref-type="supplementary-material"}).

Discussion {#H1-4-ZOI200294}
==========

Based on a total follow-up of 22.3 years in the SIT, smoking was associated with an increased risk of GC incidence and mortality, particularly among participants with *H pylori* infection. Alcohol intake was not associated with risk of GC incidence or mortality but may be a modifier for the effect of garlic supplementation on GC prevention, with greater beneficial effects on GC, particularly among those who do not drink alcohol.

Among the major lifestyle factors, smoking is an established risk factor for GC in large prospective studies of western populations.^[@zoi200294r17],[@zoi200294r18],[@zoi200294r19]^ The association between alcohol intake and GC risk has been unclear. Although an association between heavy alcohol drinking and increased GC risk was reported by Tramacere et al^[@zoi200294r20]^ and Rota et al,^[@zoi200294r21]^ another meta-analysis^[@zoi200294r22]^and large prospective cohort study^[@zoi200294r23]^ did not report this association. Neither smoking nor alcohol intake was reported as a major contributing factor for GC in 2 previous studies based on high-risk populations in China, including a prospective study^[@zoi200294r24]^ and a case-control study.^[@zoi200294r25]^ Previous case-control studies based on the Linqu population supported our finding that smoking, but not alcohol intake, was a risk factor for GC.^[@zoi200294r3]^ Consistent with findings from case-control studies, we conducted a large prospective analysis with follow-up of 2 decades, which again supported smoking as a risk factor for GC incidence and mortality. The increased exposure to potent carcinogens and N-nitroso compounds when smoking may partly help to explain the increased risk of GC among those who smoke.^[@zoi200294r26]^ In a Korean case-cohort study,^[@zoi200294r27]^ heavy alcohol intake (≥7 times a week) was associated with an increased risk of GC among those not infected with *H pylori*. However, we did not find such an association for alcohol intake. In previous case-control studies of the Linqu population,^[@zoi200294r3]^ high consumption of total fruits and vegetables was associated with a decreased risk of GC. Previous large cohort studies and case-control studies from other populations reported heterogeneous associations between GC and consumption of fruit and vegetables or fresh fruit.^[@zoi200294r28],[@zoi200294r29],[@zoi200294r30],[@zoi200294r31],[@zoi200294r32]^ In this prospective analysis, we did not find any significant association of total fruit and vegetable intake and other dietary factors with risk of GC incidence or mortality.

Allyl sulfur compounds from garlic are effective against carcinogenesis by inhibiting the activation of carcinogens, modulating carcinogen metabolism, and inhibiting formation of DNA adducts with carcinogens, among other mechanisms.^[@zoi200294r33]^ Alcohol produces harmful effects in the stomach, causing direct damage to DNA^[@zoi200294r14]^ and inflammation.^[@zoi200294r34]^ Although our study failed to find significant associations between alcohol intake and GC risk, alcohol intake may modify the effect of garlic supplementation, with the protective effect of garlic supplementation on GC mortality seen particularly among those who did not drink alcohol. Similarly, a 2019 case-control study^[@zoi200294r35]^ reported an interaction of garlic consumption with alcohol drinking on esophageal cancer in a population in China. Garlic supplementation may take effect by protecting gastric mucosa against damage and inflammatory response induced by alcohol, and the hypothesis was confirmed by animal studies.^[@zoi200294r34],[@zoi200294r36],[@zoi200294r37]^ Furthermore, alteration of gastric microbiota has been observed in GC and gastric lesions, indicating microbial dysbiosis in gastric carcinogenesis.^[@zoi200294r38],[@zoi200294r39]^ Considering that dysbiosis of microbiota could be induced by alcohol as well as garlic supplementation, it remains to be elucidated whether the exploration of microbial dysbiosis can help to explain the interaction between alcohol intake and garlic supplementation on GC risk.^[@zoi200294r12],[@zoi200294r14],[@zoi200294r40]^

A greater preventive effect of vitamin supplementation was seen among those with low fresh vegetable and fruit intake. The micronutrients from fruits and vegetables, such as selenium, beta carotene, and vitamin C, may contribute to the protective effect for gastric mucosa by anti-inflammatory damage.^[@zoi200294r41]^ Vitamin C was also associated with decreased risk of GC in studies of high-risk^[@zoi200294r8],[@zoi200294r9],[@zoi200294r42]^ and general populations.^[@zoi200294r43],[@zoi200294r44]^ Notably, in our population, the significant interaction was only seen for gastric lesion progression but not for GC incidence or mortality. The reason for this is unclear. However, during gastric carcinogenesis, the pH level in the stomach decreases initially but increases with gastric lesion progression when vitamin C, ie, ascorbic acid, is converted to the less-active form of dehydroascorbic acid^[@zoi200294r45]^ with weaker protection.

In addition to vitamin and garlic supplementation, 1-time *H pylori* treatment for 2 weeks was an intervention in the SIT. During gastric carcinogenesis, *H pylori* infection is recognized as playing a crucial role in the initial steps of carcinogenesis by causing enhanced inflammation and histological changes.^[@zoi200294r46]^ Previous studies did not show evidence on the differential associations of *H pylori* infection with GC according to smoking, alcohol intake, and dietary factors.^[@zoi200294r21]^ Indeed, we have reported that smoking and alcohol intake are associated with *H pylori* eradication failure.^[@zoi200294r47]^ Therefore, we did not seek to examine interactions between *H pylori* treatment and major lifestyle factors in our study.

Limitations {#H2-8-ZOI200294}
-----------

We acknowledge several limitations. First, we had a modest sample size, and statistical power for some analyses may be limited, as shown in eTable 4 in [Supplement 1](#note-ZOI200294-1-s){ref-type="supplementary-material"}. We do not have the information on cardia or noncardia cancer for all GC cases, which precluded an analysis of cardia GC separately. Second, detailed information on lifestyle factors, such as the frequency and volume of alcohol intake, duration and pack-year of cigarette smoking, and information on specific diet, was not available, which prevented us from examining lifestyle factors in closer detail. Third, we have no relevant data regarding lifestyle changes during the follow-up period and were not able to examine updated lifestyle factors. However, it is unlikely that such alterations would occur differentially in the intervention and control groups. Furthermore, our study was based on a high-risk rural population with nutritional deficiencies, and the extrapolation to general populations requires cautious interpretation.

Conclusions {#H1-5-ZOI200294}
===========

In this study, based on a well-defined high-risk population with long-term follow-up, smoking was associated with increased risk of GC incidence and mortality. Alcohol intake may be an effect modifier for the protective effect of garlic supplementation on GC. Our findings provide new insights into lifestyle interventions for GC prevention, suggesting that mass GC prevention strategies may need to be tailored to population subgroups to maximize the potential beneficial effects.
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